Objective: To investigate risk factors for anemia in infants assisted by public health services.
Introduction
Iron deficiency anemia affects infants at an increasingly earlier age. The growing magnitude of the problem and its impact on child growth, mental and psychomotor development, characterize iron depletion as a major nutritional problem in early life stages. 1, 2 During the first 2 years of life children are at high risk for anemia, considering the reported high prevalence of anemia in infants. 3, 4 Such fact is explained by the rapid growth and the consequent increased demand for iron per kilogram of body weight. In addition, especially after 6 months of age, children need to get increasing amounts of iron from food, which is subject to several absorption limitations. 5 In Brazil, as well as in other developing nations, anemia affects a significant number of children. In some Brazilian municipalities, prevalences above 60% have been detected in the first year of life. 4, [6] [7] [8] In the city of São Paulo, a secular tendency towards an increasing number of cases of anemia was observed in children under 5 years of age, with a 25% increase in the years 1984/1985 and 1995/1996. 4 Biological, socioeconomic, cultural and dietary factors seem to be closely associated with anemia. 9 Several studies indicate age group, 6, [10] [11] [12] family income per capita, 4, 6, 11 type of milk consumed, 8, 13, 14 and concentration of iron in the diet 4, 8 as the main factors associated with childhood anemia.
In face of the magnitude and severity of anemia in infancy and the importance of understanding its population distribution and etiology, the present study aims at investigating risk factors for anemia in infants assisted by public health services, considering dietary factors.
Methods
The present study was carried out in the municipality of The diagnosis of anemia was based on hemoglobin levels.
Blood samples were collected by pricking the heel or annular finger (in the case of children who were already walking).
Capillary blood samples were collected in a microcuvette, and the portable HemoCue photometer provided a direct reading of the concentration of hemoglobin. A hemoglobin level of 11 g/dL was used as a cutoff point for the diagnosis of anemia. 1, 2 Participants were also asked to complete a questionnaire with items on socioeconomic, environmental and biological aspects, as well as maternal characteristics, birth data, information on child health, feeding practices, and iron supplementation.
Weight and length were measured by undergraduate nutrition students, who had been trained by the graduate student responsible for the study, using an electronic scale (Kratos, capacity 15 kg, graduation 5 g) and an
anthropometric scale (length 120 cm, graduation 0.1 cm). Intake of breast milk along with other types of non-iron-fortified milk (cow, goat or soy) or consumption of only these types of milk was included in a different category. A low consumption of milk formulas (3.5%) was observed in this sample. The administration of iron supplements refers to the use of iron medicine during the study period.
A significance level of 20% was required to enter a variable into the multivariate models, and a significance level of 5% was required to indicate a statistically significant association. Non-conditional hierarchical logistic regression was used for multivariate analysis in SPSS version 10.0.
Hierarchical modeling has been used and recommended for investigating risk factors in epidemiological studies. 17 In setting up a theoretical hierarchical model of anemia, the following items were included in the analysis: at the first level, socioeconomic and environmental conditions; at the second level, biological characteristics, nutritional status, maternal characteristics, birth data, and child health; at the third level, feeding practices; and at the fourth level, iron supplementation practices. Variables that showed significant association at higher levels continued to be part of lower level models, even when not reaching statistical significance.
The present study was submitted to and approved by the
Research Ethics Committee of the Universidade Federal de
Viçosa.
Results
The prevalence of anemia in the 205 children studied was 57.6% (n = 118). Among anemic children, 41.5% (n = 49) had hemoglobin levels below 9.5 mg/dL.
Results of the univariate analysis of the association between anemia and other investigated variables are shown in Tables 1, 2 and 3.
As presented in Table 1 , among the variables regarding socioeconomic and environmental conditions, only family income per capita was associated with the presence of anemia. Infants from families with an income of less than 0.5 minimum wage had a 2.54 greater chance of having anemia when compared to those from families earning more than 0.5 minimum wage.
Variables related to biological characteristics, nutritional status, maternal information, birth data, and child health
were not statistically associated with anemia (Table 2) .
Among feeding practices, eating red meat and the frequency of eating liver and fruit were statistically associated with anemia (Table 3) .
Iron supplementation was strongly associated with anemia (Table 3) . Children who did not receive iron supplements had a 2.37 greater chance of having anemia than those who received iron supplements. Risk factors for anemia in infants -Silva DG et al. 
Discussion
In accordance with data from the literature, the present study revealed a high prevalence of anemia (57.6%) among infants. However, it is important to emphasize that these data are from a convenience sample, composed by children seen at public health services after parental agreement to take part in the study. This could have overestimated the actual prevalence of anemia, since participation in the study may have been higher among families suspecting that their children had anemia. On the other hand, prevalence studies of anemia based on representative samples of Brazilian municipalities have found similar or even higher frequencies than found in this sample. 4, [6] [7] [8] Thus, the frequency found for this sample may actually represent the true prevalence of anemia for infants in Viçosa. The fact that 41.5% of anemic infants had hemoglobin levels below 9.5 g/dL shows the intensity of iron deficiency in this group, which can result from early depletion of iron stores and long duration of anemia.
Considering that the first 2 years of life carry the highest risk for developing anemia, an important public health strategy would be to promote an early detection and diagnosis of anemia in the first year of life, aiming at early treatment and preventive measures.
In the studied population, predominantly of low socioeconomic status, family income per capita proved to be an important risk factor for anemia. Nevertheless, high frequencies of anemia were found in both income categories (above and below 0.5 minimum wage). Several studies have found family income per capita to be the main distal determinant in causality models of anemia. 4, 6, 11 Despite being present in all socioeconomic groups, the prevalence of anemia tends to be lower in upper classes. 18 The low buying power of families can be related to reduced food availability and variety, resulting in insufficient intake and low bioavailability of nutrients, including iron. In addition, being exposed to unfavorable living conditions, these families are more vulnerable to respiratory infections, diarrhea and intestinal parasitosis, which cause an increased demand and reduced absorption of nutrients. 3, 9 In regard to birth conditions, prematurity and low birth weight are described as important risk factors for anemia, since reduced iron stores at birth and the early depletion of iron stores play a role in the development of anemia. 19 In the present study, however, such association was not found, possibly due to the small number of children presenting these characteristics (15 low birth weight and 11 premature infants). Some authors suggest that because prematurity and low birth weightunlike iron deficiency -have low prevalences, they should not be considered important determinants for early anemia in infants. 18 Other studies did not find a link between low birth weight and anemia. 10, 11, 14 Feeding practices seem to be strictly related to the presence of anemia in childhood. As in most populations, anemia is caused mainly by iron deficiency, the present study focused on the relationship between anemia and intake and frequency of intake of iron-rich food and enhancers of iron absorption. Some feeding practices have been emphasized as having a significant impact on the development of anemia.
These include short duration of exclusive breastfeeding, consumption of cow milk, late introduction and insufficient dietary intake of iron sources, such as meat, as well as enhancers of iron absorption, such as fruit. 3, 5 The intensity of such effects can vary according to population characteristics and local or regional feeding practices.
Cow's milk consumption has been identified as a main determinant of anemia in the first year of life. 4, 14 As in the present study, other previous research did not find an association between duration of exclusive breastfeeding and/or type of milk consumed and anemia. 6, 11, 12 The impact of exclusive breastfeeding on anemia may be more evident in infants until the age of 6 months.
In the studied sample, among the variables related to feeding practices, a less than daily frequency of fruit intake almost doubled the chance of having anemia. After the sixth month of life, the intake of fruit is considered essential, because of its mineral and vitamin content, especially ascorbic acid. Ascorbic acid enhances iron absorption by facilitating the reduction of the ferric ion to the ferrous state, which is more soluble, and also inhibits the formation of insoluble complexes of iron and other constituents of the diet that prevent the absorption of this mineral. 20 Studies using stable isotopes to estimate the bioavailability of iron in foods served to 9 month old infants showed that fruit juices containing 50 mg of ascorbic acid increased up to 2 times the bioavailability of iron from food. 21 In developing countries, especially in low income populations, as the one investigated in this study, most dietary iron comes from plant food, that is, non-heme iron, which is easily influenced by other components of the diet. 2, 20 Thus, if in the studied population the daily intake of fruit occurs close to main meals this could be contributing to a higher bioavailability of the iron consumed. Meat is, in general, considered to be an excellent source of iron, mainly for the high bioavailability of heme iron, in addition to enhancing iron absorption from other dietary sources in a meal. Nevertheless, meat is expensive, which limits its access to low income families. In the present study, the intake of red meat was not statistically associated with anemia in the multiple regression model. Similarly, in a cross sectional study with 362 children under 6 years of age seen at public health services in the outskirts of Pelotas (state of Rio Grande do Sul, Brazil), no association was found between anemia and weekly intake of meat and liver. 12 On the other hand, the protective effect of meat intake was demonstrated by a study with 8 month old children in which higher hemoglobin levels were found in the group that consumed 27 g of meat per day during 2 months, compared to a group that ate 10 g/day. 22 Corroborating results found in the present study, the importance of feeding practices was demonstrated in a prospective study with children under 24 months from families with low socioeconomic status in the city of São Paulo, Brazil. Both the intake of milk formulas at the fourth month of life and the intake of vitamin C, meats and beans at the sixth month were found to be the main protective factors against anemia. 23 Although appropriate feeding practices contribute to the maintenance of an adequate iron nutrition status in childhood, the need of an additional source of iron during the first 2 years of life is unquestionable, whether by iron medicine or iron-rich food. 5 In places where the prevalence of anemia is high and most food served to infants and preschoolers is not iron fortified, iron supplements should be a priority in the prevention of anemia. 24 
